has shown that glacier meltwater provides many Asian rivers with continuous water flow, and that this is crucial in regions that receive low summer precipitation. Glacier melt is less important in the river catchments (areas where precipitation drains into a specific river) of the eastern Himalayas that are dominated by summer monsoons. But even in these catchments, glaciers can be a crucial source of water when monsoon precipitation is low.
The major strength of Pritchard's work is that he quantifies the contribution of glacier meltwater during drought periods for different regions. He clearly shows that this water has the biggest role in the Indus River and Aral Sea catchments, where the fraction contributed by glaciers dominates the available water. Indeed, glacier melt can be almost the sole water source in areas close to glaciers in the Aral Sea catchments during drought months.
Another strength of the study is that it reveals the value of glacier melt for hydropower production. For example, annual melt from glaciers upstream of Pakistan's largest hydropower reservoir (the Tarbela reservoir) accounts for more than two-thirds of the reservoir's storage volume, even in years that have average precipitation. Pritchard also highlights the fact that glaciers provide a crucial eco system service -they act as a reliable source of water that can be considered in decision-making processes about sustainable water management 7 . But although Pritchard defines the current key role of glaciers, the future amount of glacial run-off remains unknown. Glaciers act as long-term water-storage systems by accumulating mass obtained mainly from snowfall, and release water only when the temperature is high enough to melt the ice. If glaciers lose mass, for example because of climate change, they will contribute more to river run-off.
However, if glaciers continue to shrink, their contribution will eventually start to decrease. Current estimates suggest with high confidence that most Asian glaciers will significantly retreat until the end of this century (see ref. 8 (Fig. 1 ) will probably not decline by much, even in the long term. Run-off projections for rivers originating in the Himalayas and Karakoram indicate that river flows will increase until at least the middle of the twenty-first century 11 . By contrast, projections for arid central Asia suggest that river discharge will start to decline in the next few decades 12 .
Such projections have large uncertainties, because there is especially low confidence in projections for future changes in precipitation 1 . This is partly because of uncertainty over the future behaviour of the monsoon system, but also because there are almost no weather stations at high elevations in Asia (or indeed elsewhere). To improve modelling and predictions of glacier melt, the effects of debris cover on glaciers needs to be better understood; debris-covered glaciers are common in highmountain Asia.
We also need to know more about the impact of glacier surging -the periodic, rapid advance of glaciers as a result of relatively fast relocation of ice mass from upper to lower parts of the glacier. Other factors to consider are the roles of permafrost and groundwater storage 13 . To obtain better models, we also need expanded observational networks for studying run-off, climate (especially at high elevations) and glaciers (in particular, their mass balances and thicknesses), and remote-sensing studies of glacier-mass changes 1 pin down the inter actions between a calcium-ion ATPase and the phospholipids that surround it in a series of crystal structures. In doing so, they demonstrate that the enzyme keeps its hydrophobic domain buried by rocking back and forth in the membrane.
Calcium-ion (Ca 2+ ) ATPases pump Ca -ATPases undergo during the pump cycle have been captured in crystal structures [2] [3] [4] [5] [6] ; together, these reveal how the pump works.
Large-scale movements occur around the enzyme's ATP-binding active site, which is tucked into the centre of the three globular domains. First, two Ca 2+ ions from the cytosol become bound in the hydrophobic pocket. ATP is then bound to the N domain, which rotates towards the P domain while the A domain rotates away. Next, the third phosphate group of the ATP is transferred to an aspartate amino-acid residue in the P domain, and a conformational change occurs using the energy of the aspartate-bound phosphate, allowing Ca 2+ ions to leave the enzyme from the other side. The aspartyl phosphate is then hydrolysed by rotation of the A domain back into its starting position.
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An ion-transport enzyme that rocks
Previous crystal structures of membrane-spanning enzymes called ATPases have revealed that the enzymes undergo complex movements. The movements, it now emerges, involve rocking in place in the membrane. See Article p.193
These large rotations and twists of the globular domains drive movement of the transmembrane spans relative to one other. M1 and M2 move in a piston-like manner when ATP binding occurs, and M4 moves by the equivalent of one helix turn when ADP (formed when the third phosphate is cleaved from ATP) leaves the enzyme and the bound Ca 2+ is released. Other transmembrane helices are extended, shortened or kinked, and some pairs of helices change their elevation and separation. These movements guarantee that Ca 2+ moves in only one direction. However, this model does not explain how the hydrophobic transmembrane segments stay buried in lipid 7 . If the ATPase were stationary in the membrane, the vertical movements of the spans would either expose hydro phobic side chains to an aqueous environment, or distort the lipid bilayer by pulling phospholipids out of the membrane plane. Investigation of this apparent paradox has been difficult, because the lipid bilayer cannot normally be visualized in crystal structures.
Norimatsu et al. tackled this problem using a technique called solvent contrast modulation, in which the crystallized protein-lipid complex is placed in iodine-containing contrast media of various concentrations, each of which diffracts X-rays differently. A bilayer of lipid and detergent fills the hydrophobic spaces between proteins in the crystal lattice. Analysis of X-ray diffraction intensities reveals variations in membrane thickness and identifies phospholipid headgroups, which face outward on either side of the membrane.
The authors analysed crystals of the Ca 2+ -ATPase SERCA1a at four stages of the pump cycle, mapping the positions of phospholipid headgroups to reveal specific protein-lipid interactions. They found that residues of arginine and lysine (basic amino acids, which have positive charge under physiological conditions) were anchored to negatively charged phospholipid headgroups on each side of the protein. The researchers' observations confirmed that, if the ATPase were stationary, some lipids would move away from the membrane with M1 and M3, and, at the other end of the protein, be forced into the membrane with M10 -an unlikely scenario.
Norimatsu et al. angled each structure such that the phospholipid headgroups and basic residues remained in two parallel planes throughout the pump cycle. In this new conceptual framework, the ATPase is not stationary, but tilts back and forth (Fig. 1) . A belt of tryptophan amino-acid residues also maintain parallel positions in the membrane, acting as a float to sense the water-lipid boundary 8 . At the M10 side of the protein, two tryptophans and a lysine-phospholipid interaction might serve as a pivot point from which the protein can tilt.
Norimatsu et al. include videos (see Supplementary Videos S1 and S3) that model the way consecutive conformations cause the protein to rock, surrounded by stable belts of amino-acid residues. The tilting allows large perpendicular movements of transmembrane helices relative to one another without forcing hydrophobic residues out of the bilayer.
The work also revealed that specific basic residues perform one of two tasks. Some 'snorkel' up from within the bilayer to form salt bridges with fixed phospholipid headgroups, orienting the protein. Others extend down from outside the membrane to interact with different headgroups at different stages of the pump cycle, possibly functioning as 'catches' to stabilize transient conformational states. Such interactions could affect the kinetics of conformation changes.
The discovery of these two roles for basic residues adds to our understanding of the interactions between membrane proteins and surrounding lipids. A few lipids can be resolved in conventional crystallography, and four have been documented 9 in functionally crucial regions of SERCA1a. A different experimental approach in a related enzyme, the sodium-potassium ATPase, identified two interactions between lysine residues and tightly associated membrane lipids 10 . Mutation of these lysines revealed one stabilizing and one activity-related function of lysinelipid interactions. Lipid-protein interactions are therefore emerging as crucial to protein function.
It remains to be seen whether mutation of phospholipid-binding amino-acid residues can cause disease by impairing protein function. Norimatsu et al. cite an example 11 in which mutation of one basic residue in a Ca 2+ -ATPase halted a major conformational transition. Such mutations might not be predicted to be damaging in the computer algorithms that are currently used to interpret the effects of human genetic variants, and could fall through the cracks in patient diagnosis 12 
.
The elegance of SERCA1a's rocking motion might indicate that other transport ATPases behave in a similar way, but this hypothesis awaits further research. Other examples would allow more lipid-protein interactions to be discerned, providing a better picture of how transport occurs. Norimatsu and 
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L aser cooling and related techniques are routinely used to produce pure quantum states of atoms in the gas phase that enable the atoms to be measured and controlled with unprecedented precision. Put two atoms together in a molecule, however, and things become more than twice as difficult -the complexity of even simple molecules severely diminishes the effectiveness of tools based on repeated light scattering. But if an atomic ion is confined in the same electro magnetic trap as a molecular ion, as demonstrated last year by Wolf et al. extend this idea by cornering a molecule into a single quantum state using an atomic emissary, and then preparing and measuring quantum superpositions (in which the molecule is simultaneously in more than one energy state), while retaining the molecule for subsequent measurements. This type of control over quantum superpositions is the gold standard for mani pulating isolated quantum systems, and is a necessary ingredient of extremely highprecision spectroscopy.
Spectroscopy allows precision measurement of the energy states of atoms and molecules. It typically involves shining light on a sample and looking for a response that depends on the frequency of that incident light. To ensure that the energies being measured correspond to the species of interest (rather than its interaction with a solvent or substrate, which tends to shift these energies), the preferred method for recording high-resolution spectra uses gas-phase molecules isolated in a vacuum. However, because such molecules are free to rotate and vibrate, absorption of energy (whether from the probe light or, for instance, thermal radiation from the container) tends to chase molecules out of the energy state being probed, in a process called bleaching.
Bleaching creates a headache for the spectroscopist, who must then choose between sacrificing precision by working with a large, hot sample to guarantee that a few molecules can be found in each energy state, or working with a small, cold sample of molecules that can provide high precision, but only a few photons of signal. This conundrum is essentially unique to molecules, because their states pack the energy 'landscape' much more densely than even the most complicated atoms. New cooling methods 3,4 might soon obviate this dilemma, but the strength of the atomic-envoy technique (known as quantum-logic spectroscopy 5 ) is that it can produce plenty of signal while keeping the molecule inside the trap -the atom acts as a spokesperson to the outside world, but its conversations with the molecule occur strictly in whispers.
Chou and colleagues demonstrate their spectroscopy technique using a calcium atomic ion (Ca + ) and a calcium hydride molecular ion (CaH + ). Following the approach of Wolf et al. 1 , the authors confine the two ions in an electromagnetic trap in an ultrahigh vacuum (Fig. 1a) . The ions are coupled by their mutual electromagnetic repulsion, and therefore have shared motion. The authors cool the atomic ion using a laser, which causes this motion to
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Atomic envoy enables molecular control
A technique for manipulating molecules uses an intermediary atom to query a nearby molecule's energy state and produces 'quantum superpositions' of these states, a prerequisite for extremely high-precision spectroscopy. 2 report a technique for preparing and non-destructively detecting the internal quantum state of a molecular ion using an atomic ion, extending recent work by Wolf et al. 
